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Dwrai'if.tii® of frmit i.a<l plaat# toy prdpagatioa-oa 
^#etst©eka Mas bueii a emmmm la gap^tas 
©f S«»@f© for aftiif f««8* imA Wma &m ^»aapl;#i %® »©%».©«# 
©f $i^idal.ng f©i» at if®ll s» mtilitoiaa i^uppoaits# 
Bseitms# of %li# ««wi| of »pm«« mmssmf pm 
flaalf a©3?® s^mim mmj b© ®r©wa im a 3..iait©# 
Mtflaia y#'e«at year# £iife®r#«t ia. dwarf fiPttit tiroes has 
beetii© wlAispreai la Mmtrnm 
•flii! pf^«p.@ad««ae@ ©f wo3?k ©» mlaitoashiij® 
1ms toe#» wl%& th© %mtXmm» ©f a i*oo%at©ek ©a tli« 
growtli Aad fi^.tfng hMhit mt tb# «#£©». Sel©a TOi*£©tl®s ar® 
%© tta.® •f'iiotsteek tliat is t© 'b# 
Mffeyen### im gpcwtli la sTi^li ©:«bisa%i©ii8' #f ff?a£t 
wAj ti® dm# t© any ©f % mmfeei? ©f eam.t#»« S©ja© of th© 
poasltettities mm alawal, qi? w&tm ab#©i^ti©ii| 
r#ati?iet«<l aev«#iit ©# ©rg^ie mat Immwgmlc li#tw«eii 
tto© rm%m aM t^fSt p.ro€m«tioa ^ gp0v%h. lAlljitdi*# hj 
a© r#oli8* 
A ^©3?% iafceipafe* ©f a ©l^aal •awarfi.ag at®ck ^aft@d 
a irig«©m# rmt &&& & a®3ra«13.F ^igoi-iws s®i©ii it »w a 
a«tl»i€. ©f tMrn^ia^ « iwarf©^ gTOwtii MMfe Im feh# seiem. 
«r# i&btwdmA fwm, eldne® thAt mm kmm ©x-
prnx'lmm fe# teiog fe® Awmt 'Hiis a©tht©€ «f 
r)roi5ag&lii©s llaits tte.# .dw«i»fli^ lnflm#ii©e t# a A©iP% flee# ©f 
M%mt mwA I® et tli# il3p®©t of tli# r^et* 
it©®!;* ,fli|rfi@logl©is3L offset i ©f l«t«FSt#a wMete nay c«is» 
^asg®ji ia the haM% ©f stiea mm ll)- inflmeae® ©a 
tpa»sloe«fet©» ©f org«i# aui l^:rgaale aat®3fiia.s iu ©i» 
both dlrettloaSi iZ) tii« fr©tee%l#a aa^ of gr©wtj^ 
f&# % itoe Iowa A^lealtwal 
Sfeatlea <sf it twai»f affl® #!#» "Al^. ^wmia staaiart «^p3L® 
"km stSaml«%#i aa lat®r«st i» pitysldiegieal ia* 
ilmmm ef ist@Mtaa« »i« s|j«i.l«s p»s«at«€ hmw6 ww# 
€®»ig»4 t® •vaiaat# thi® 1*111# of ttiis im appi# 
3-
Mifiw m utmAwm 
Ca« dwarf i»ssp0na® t© Iste^'altaa is one iiaadf®stafclo.a of 
til# pTObl« ©f at©ete*-sciom rtlatloai, fli© lnfJ,tt#Be®» 
•©# ©a selos, of scion ,©ii pectstoek# aad ©f 
m b©%li Btmt ami sct#a hav# wli©ly p«rtteT33L.aflf 
in Baglaat. 
that me as AMmt laterstMs nni as 
dwayf foots^o#ks IMmee ^aFfasss £a staiadwd -rayietlea of 
mffl© w# fwm fe© Pai»#4ist iwid Ife«©ta 
g«^s 'Cif apples* &© far&dls# and ©emtim iteeta mm' 
elas»ifl«4 ®« Xaltta gylyesfcria,. •»ill|, bf Ball@y (19%f) ani as 
1I&1».8 ia Sfetm4»dig#i ?l»at l«®t |19l|.2), 
CimT* 1919) elasaifiad tli# $l©a®l a?©otstoeks ia 
ttsag© la topep# aeeefii,!^' t® ©bs«w®i dlff®r®»ee« im 
p«ologi©al l»«Mv£#]r ©f ttt# 3?®otst©elES* lis clmssifieatiea 
laelmted 16 el#i»« tliat w©]?®' #©»sid®r#d stiffieieatly ilatiaefe 
%©• «tn»attt itparafc® ieslgaatioBJi. Bi#«d 16 el«n«i w#r# 
W0mhBW®§ witto Sffliaa ffl«©a?sl.s twm t t© XH aat ar# .new 
to©wa aa Mailing r#otstoeks* 0f th^ Kalltiig 
el#ii#®# Mailing K la tli# aosfe twaffiag tjp#, aai 1» tised &§ a 
of fo? dwai»f»e»S:, Msailng XII «&€ XIll 
in'# wiielj nm4. m ttaaiaM® ©f e^&risea for ¥ig©3?o-us 
el@a»a.« 
Mm%hm twirflEg e3.©i», probably ef ©srlglii# it 
aaipk Sir^f, •fii# mistn ant p«<^©gi©il db.ai*iie.l?®i»i sties 
®f '^1® ilm® Im'T® b##a fey » 
®¥«pf is bife«il.Mg ImremslBglf pdfi^' 
&mj Il9l|3l# fii# ^mk 
V m m somre® «sf ^ €i»rf 
tat#i»steas f©r produeti©a ©f appl® la 
,fl» locallaatiea of st^ek %£tm% 
hj S*»|ja?luM a#b#:rtes 
Clf2^l* % m»® of iat«i>gt«»a ©f 
bm€4tiig ©a tsh# «fe« p©i'ttdii ©f sm^% 
gmtm'S tfeat %h% 
in th,#. st«i was first 
|lfg?i by liibeyta 
va3?i©tts- aad bj 
atoefea, Wme^ Immti-* 
sti'©ek #ff©et m&f b© pm» 
by 1^# atm pmMm ©f %li# stock, fM.8 i»®.i^oiisie led 
l«b@i»ts t®, •§vggm% th&M til® pr©pdt«tl©a ©f iwmrf e©iil:|l 
b« a.e#!qii|jllifa'M Q&m&w&tdHj by tli® 'wIs®, of iiit«pstaas ia plan® 
of Hi# «#,re #xp#Bsiir# i»#ot®d 
la & slmif 6f tto# -effect of 
Hattoii {193§|. pff&»©sts |sr©liaiiia^ d« 
»t#a i»t®agifi»i Wm #ff 
s itorttr cfembb Cl93fi# i 
8«@ m-pmimmtf l^ttea's © 
mff«et@a fi?ttit edle^ «s w«l 
l©b«rts • {IfAli wm»' «bl# t© steek effects oa 
•rig©!* wb#r# ©my a riog ^.aft 7/S-i»li l#ag w«» plae®4 in 
#ei#m l©b@?tf »»de »© et^^isna wltfe imtw-
able Isngtli iat«rst«i 
t6 Aw tli&t a 2»f©®t 
est ©"f@F that ppoinetll by 
& m liit#r repojpt ©» tli® 
b»#s?fati®a* Si# l©ias'«f 
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at w#r® e©iiia6te4' mwosa %'h@ 4wai»f-»©i.o» 
«d#a Itiaa %im stsM«€*»©i®s th®-
4i0m£ st©®!:' •e@ai»©t#A as a®c& wat» %n fell# albs«iie» ©f a 'iiaiea 
did fell# i¥« ibi.ls ofessriratloB iil^t asiwa# 
aat 'la. a sMpatible midoa w@ia.i fe# ©r 
m. #b®tTO®ti©a of Jtleir aa»s» a 
»*er©iis stiidi«« hmm Ismm »at® of W&® of tto itoek 
m tli«' ©f t&® sei©a, Wwb® aat Mall&e® I19S7) 
.tasiljgM of two via?letle'9 g?ow ©a %©»,•«>©%•• 
st'©@kii s*a^l^ i3?m Ammt %& tow mA $M mitrngm 
in Immsi fe.arlE, wm^m slgMfieamt Aif* 
f©^#ae«® %m. constlte#»t» ww© said'^latta wife 
mail "tl At «i«a JLk .dA 'lAk 9«l> JmXrtk ««rffc mm ^*r ^ M ITirH iriflil MM tflk SBhL^^ 4M ^Mk liw — •— •jlri'TiMi iK .^«lf * tdlk JP ta# w@»® imaBX® «# naspiaain m# awajpriag 
«ff«et ©f lalli'i:® IX • stmk m & Mais of the ehmlml 
As & ©f & €#feall®4 lavi©s%lgitW©s of 'Si# stasoaal 
cycles of &hmi&aX mm$ltmnts iM %#»iiial' A©©t» of %i?«®s 
wof'tet't ©a fmims & ««rf.#a ©f fap®ip« was 
3^ublii&«<l. faiiya {1938) y«p#rt®i on lili® •&iialys#g of t&e aali 
f»©tl©a«, S# fcrtmA Mgii Ita© aai. 3l©w p#tmsli in lii# %3P-«® oa 
-XI ^aM lew aa.pM9®iite la t»®s es l»a aM l-fll# &# 
#«as#miil &j§,%ms of total aA ant plios^ofw® itfer© sea##i&t 
®a. »%0©k# 1© ©^lamtlea of mmtlmg-
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« I j-fc ® U ^ 
I ? f 
: f 
»y«t©» iarolwi.,* 
ftieteieb (19391 ti«r#stigalj©i easptehyamt®# Bitregta, 
Atj aattes? mn%mt.g stmi ©^saefeie pp®as«i»# of amp of s®£®a 
w©2*k#fi OS of tli© lalllijg f@©fcstoeto» H# 
f«tt»d tliat- tr#®s wei»te4 m. thm mmting ati>ek» hat m. 
M^®3? e@»©@B%^ati©a ©f sugitr and iiiti»og®% ii©j?® iry amfe'st'aue®,. 
aai o«©fcie piN|.®sia»s' tlMffl t&e tr### om' aoi*# 
vigoi»«ms 8%mk»t. a.@se wsalts ai*© tm agre«B®iit m1%1i fchios# 
-dltdA pi?@¥i0iigly» H@ a# ®vtA#iie# ©f &©6«ialatieii of 
tht© gw®f't mten* 
ClfJll# 1» a sp®-el5TOp?a^le a»alf®ls of tli® && 
mntmt of jwsotst^eks of M*IDC m& f©*fflsi twtnty-oa©^ 
pr#s«at» lelyMeawi was feiiaA in te® l-H, as ©!©• 
meat tliat was, m% femi ia H©lyM®s«wt m# not fowii 
is selons w©i»M#d on ©itMp »ot«fc©ek» fh# pliy»loi.og£eal 
alpilfltatits of «lii# o%s#wati@a has m% hmn @®fcaljlislied« 
Clf38) t® eo«p#lat« 'rigor of j?©©tst©©k» 
witli abto^iiion ©f broai» twm water emltw@i» Sis. ofeaerra-.-
ti#M • l#a him to eeaelttt® that, »«i® 3?#l&ti©» ai#it ©jlst 
to©tM«®ii abs©ig>ti©a aaA visei»j. a»i t&st it «»»• paptiewlarli-
»ot@woptliy #iat afesoi^tiom was t© ine.j?®&»e ia 
w#i#it jpather tbas t© the nbsolut® iiss© of tli« tr«#« Ahmovp" 
tl©3a as a. fm»tion of stotk ,«ff®ct oil telea aay l»# of little 
si^ifiemse® is vleif of lat» wwk oa IwM&mtm 
IQ 
Ttim mmp-ml&tim of wiger 'WiWb aaat<»ical dlfferemees . has 
-remireA Bm» AM mmllmt- s®?i®S' Gt p&p&rB hj 
rnmkhme md hm e0*f03?ters 13.936, W3% t9kl, 19k7> »© 
i,ntema% , ffe©a# wmkews imM felm-t dwarfing «fc©eks., Mav@ a 
l»g©F of .i?ay ttssm# afii pmmmahjmm. %hm vigorem# 
s%®«fe8, ft a»©iai% ®f fife#M and aM a 
'rati®, . smgg®«% fehafe large onotat of 
f»ay „piii?«ii©l3^®a In Iwat^ii^ iteeks a&y fmefcioa as a reservoir 
for itarek sterag##' wMeli la fctirra earns©# tint' ^reeo^iotis .biiblt 
.eliaraet«rl«tie of ®tsrf Si®y »^g#at f«rtli®r|j 
tfli© r#aue®€ v#ss«X &m iit 4«arffiig stoeki m&j ««is« sa later-
temnm wltk tii© tramsfert of aiaaral 3fflitri#iits to tla© t©|>,. 
«i<^ a resmltaats dwarfing «ff©«t«, 
..Si# possible, lijflmeae® ©f grmtt. mgalmtom In. stoek 
®ff«et lias reesived littl# .att#atioa hj i*wr®»tig®torai» 
Swarbriekt a«lr, «»i Singh ae3ati©» tl»t pl&at growth 
emte®taiie«s aay provid® a basis for fcli« «i;piidmti#s of later-
stM «ff#©tst alt&©iaiii they io aet att®apt t© So &o on tb# 
basis ©f their iata« 
-a 
m&fmiAtM 
Sit© varistf ©f i#pl# mmA 1» tfeis sftaif wm 9®Mm 
mXtetmB is tea®wi t© te# 
thm -^wmt Btmk aiai exhibits tir»f ®li»aefe«i?'» 
iii#m fF«^..agat©4 Witt. a. tiit©FStiw* 
Glmk Bw»f w«g m th« #l#i» t® fe# ua#i ,f er tli# 
iwsr iat«»t«es» lb# ISwarf t» m %mAft %fpm %!?«•• 
m. Wm ts tli« mtlm  ^owiSms?  ^ att«iii«A a b©i#j.t of 
oifty 5-6 f@#t St 2$ ytftr®. la §#1©® fei©©te wli#r@ mmm 
pwwAm i« m© ^ovth ip««ly «3S©##4® 3.S 
iseh®#* Bhmo% ^©wtfe 1« 'flia^aet#i?ta©i bj short 
i^0li torn a to®fe ©f tel«ae^#i m€m$. at tfe# ®»i ©f th® sli©©t» 
m»t#3?»toelc ©xp«piia«s|i«l t?#es wag firgial®, 
fya.^ ©»- roots, fiygiaia §mh w»s ««#€ 
its to»€ia#ai mximit X©* i#i^iti©ias m& its to@wa 
ew^atibilitf with tM# l>w»f* & ©iMlsii3ati» «itli aost 
«t»to4 fftFisti®®,. fii»gi»f«t er&b 1« el«»s««l as « 
fli# following emhimMQMB df itoi^ pstdek, i»t#Mt:«it, 
s«i©» ir«i©ty mw0 iis#t fo  ^ tli#t« l»r®8tlgati©3isi 
111 i»l€#s «el©a, h&mh. ^aft«i ©a s##dlisg 
















(6) S*® m f, mmpt tttat m 8'-taidi I)#lieiG-ii« 
«©t®ii. WW sul>stttei«4 'fur ..th# M&w'k tmmt 
iMmmtmrn 
3ii 
agmy® I, year* old 3«ld©a itelieloud vkmttm 
•3olden Delicious scions bridg® ir«ffe@€ 
tb© ©3ilar'g®4 dw»f int®i*st«i» 
1$ 
msM§m. 
M$m% &f Imtemtm ©a ©f lftr©g«tt 
is tli« 
•aa»«# mri&B' ttmai®® fm ©f-aimate felt# iafluene® 
©f & iwtt'f t&tBmim ©a tli® «xf «i6®««latl®s &t nitrogen 
is tmw%s ©f aii »|»f3.1cs«tt©a 
©f «itrog«ii fertili8@i»« Six ii?#©8 eaA ef tli« 
&wmt$ m& &mh$,m^%&m wm 19$ 190$ 
la a »ixt«a?© tte## ptots smmd m<& om paffe elsy 1©« soli 
im p©t« wmm ia a wmdmS.m4 
hl&ek €m.lm i» gi»e#afei©ti##« Qm imm 19# m applleatioa at 
:li||_It| m% fe:ii© »t# ©f 10© Ifei* mm of jaiti'osesi, 
b&sM ©a S#C©O,©0O f©layout ©f. »©il pff acre» was appli©# t© til 
f ots* Oa« tPttO of #aeh was I'lagti a$ tsli® tl»« ©f 
alti»©g«ia appll#&%l©B hj tlsjm© la a !-• 
tmeh rtng^ mi ©©TOriiig wemai 
•&# l«aws fwa «aeh. tir«© bftFirt'SfteA tm tatal ultpo-
g«a t#t®»i»ati©a afe IsM fete® tli® sell appllesfei©*! ®ai at 
p«i*l0#s of 12t W# 1©S|. ami aolt to«ra tHereaftei?# fti« 
3.««t»s M«?© wipti elsaa, aM flacti tm a ItO®' 6, 
amm tm ^ feli@y w#f»« to 
u 
§» ipyfng, th® Imrm wem v&lgt»d,. 
gmw^p mi. stQmd ia tightlf st©pf®3p®t 
Isfeal »dti»©g«m was ^et^Tmimd im implieat# oa sidles of 
$Q to 100 mgt of ai-y miat«i»i.aa fey th© kJ©liaM a«tkea Malted 
to Bsml'mS.Qm 
la 1951 tfh© mpe^imomt was wltli ao€ifteati©as» 
of til.# S-tiseli intenttWi fiwapf S-iash 
ci©1€®3b 3®li6imB S»imh. iatwstwf ami ®©li©ii D©llei©us 8-
ineh liitdrst« fe3?#ala®»ts wsm potted la fek@ ®«i® toil alxttii»© 
&M mbQm oa i^rll l|.# 1951# d#@lga. w&s a X'saioraiaea 
M.oek witli tivm p®pll©atloas, alt^at® %© st^ly 1©0 
Ifes* of nlti?c§.#ii p®i* ii(e:r® wa® apptll@<l 3isam 18« Two l®Af#i 
p« trm wem h&j^mted at 1sh« tia# ©f alt3mg©» apflieatioa 
said at p'#^i©ds of 12g. .^g 3§, l|B, and 6o M&m?9 themmftm* 
1Ri0 Imr&m mm wlpM eleaHf w«tgli®dt ant kill®i im 100 al» of 
teotllBg 80 p®^ «®iit #tlia®©i« 
Aleoltol solmfel® »iteog®ii wm «xti*aet#t in @. soAl&t 
appwatttf fm a p®3?iod of 12 li©w«« ®i© F@*iia# fym 
femetloa was iried la ovts# gmwaO., aai a%&md 
ia tightly atoi^eyea bottles# 
D#t®Mi.aatloai of solmM© sltfogsn wm>m saA« ©a dnplleftt# 
25 iil» ali<|mots of tli© aleolxol ©xt:raet by thifi giml-«le.TO 
kj©ia®3il a®tli©4» »«t®iaiimtlon of nltreg'en In th« Insolmtol# 
resliii© followed tb© aetlioi previously deaeplbei* 
1? 
•' A s»#©»i . of ntfeogea a» 
fell© la' IfSl# mm b#gm oa jagmst 3.?t mstag 
ijh© prmm&mm MB wm§ m«#€ few Wim 1'9$§ smirnsm fotai 
iiitFOgea GwHf wa# €@%«fwia64« Sai^l©# war# at S p^ 12-# 
36, 10, ifi», 'tM' 8|. to®ws folionii^ tli« mH iifplitatloa <»f 
•mmmmixm Jaiia.f%i.sa3. p»e®dw#i wer© fell© s«®« as 
a©«©fife9d al30f"©» 
Us# ©f f» iiniiiy Qi 
m&i&mtim e.m%©m. wms ms«4 in m t© «tu  ^.%!?«»• 
loeati©!! of s'agai* 'mmm m ©i».- ©f pott@€ 
t»#s & iiia3?f iat®rsli«i was s#a.®©fe®t for i%« «a©otli stea 
atrmotia?#* ait tip- ©i' o»® .albeolJ iim %mm@ waa «»• 
elo«#d Im a wtth tw© glass sl€#a» cP^Og wa® 0l3?eu-
lat®a throw#, til#' 1»* ©©mfesliiiiig Wl@ iwt&et, il.liwtast«d skoot 
tov h&mrn Thrm ant liotir® lal-#!? tli# tr®# 
wai. kart©«t#4 aM a s%^ip ©f t aa» wide w-ag rmowi 
'b#l»®e» fdtat of g&B &ppXimtim aM Wie gfotaii lis©* Bi« 
strtf w«« ii¥ia©t into $ «'•' s^^estg liil'eli wmm $©st#a f©3? 
4 s®coM tf«© wa« sisllwly followi»g- iay* 
itFlps 2 *» wii® mw& wmmM f:p« tli® iataet te©# at 6, f, 
asid M homrs 6ffe#a? fefe® atart of 'th# &M t&r 
3.0 
©f of W.iiia ar©«i &©».8 
A field «p«r|j»at wag mmAuetmS. in 1951 ©valmat© Mt© 
®ff©©t 0t mmrnBtm,. iwarf tli© lat»-
ati« embinations oa nitrogea aai ©^petition,. 
Slgtot %TmB •aeh ©f ©wa*^®%e»,:' ^warf, tsi: •• 
teiig«A wmm s#fc 4b tli© amr,s«i?f ^ow In lay, 195© to %® ti8®« f©r 
lAii® abov® atudy. 
At tto©« p©p4©is terlng 1^# Bwm®w of IfSl# l#«f iia^3.®» 
wem tatea f» aai sd-brogea fmelm 
l.(6at«« twtm 0mh- %rm wes?# Iia3?ir®»t«d tmm 1# 2g 
mA 3 m the ao^»i,ttg« of Ito© 27* Wlf ,2?t ©M Angmst 3©^ f^« 
i?©plie:at®s lit aiai 6 » isorr«sp®aa.ii:@ aft®]pii©©s»# ®ai 
fre® :r#pll«a,t«s 7 .§ ©a fcl» following moamiagj, 
w««. pl'®.e©a b«tw©«m aelst fap#r,t©w#ls aM fcak«B t©-tJi«f 
l«ib©:S»&twy tm •^mmBvS.rnSm l®aws w®s»« wip«d wl«i elieti®*'' 
aai..W.ll©4 in 100 nl* ©f liolliag 80 pey 0#st 
iolmtel# wm» mtrmtmd 1» a soxlil«t &ppmm%usm 
w« iri«d, w«tght®4, gi?©«n«l fc@ pass a 6o »®fili 
and tfewtd f©» late# &»alj«#«» S®lml>l# iiit3?©i®» wa® 
©», 10 Bil# alitt^^s fey kJ@14aM. a©lii@€ 
f3?»fi©msly latoliibl^ sitj^oges wm, ©a 
t© 100 ag, of t;l»© tjy t!i® sm« aetliod* 
If 
Wtm f«€«eiag a«giii* 10 *1# al£fi»%s of 
^©#h©3. exti?as% with aeutral 1««A ae®tmt®, 
l«aA#t wltk KgHP< ,^' «id $ »X* aliqm©t« 'of tla# selmiieii. 
wem m j^md. wlfeM  ^ m »©iljficatio3a #f S«».s44*'8 e#i»£e sial.fat© 
fl93S, 3.f3tl» 
Aeid lxyte©lf«&b!l« »s®irv# poljsaeehitsii#® wera 
m 3§© t© 0Q lag, s'^lss ©f rtfiim®. fli® i.^3.« 
w-m w#lgjh#i iat© «t»iitl©s thimfole.# iritli 
glm»& t^abl#® w%m' »®|. Is  ^Ml* ©f 1 # g© sei 
»i at 1$ lbs, f©ip tow, ®i« tMsfelti aM 
nfttwlsl w9wm th»n w€ali#4 t&tpowglily with ilsttllei w&t.er'^aiA 
is f©® t,. oir«m t® #@iiaiant »#s®rr# F©ly-
sweltwii#,® m®m ©stl»at#i fey m® w«i^ t less @f tb« «xtraet#t 
m 
iotftl s?©wt& of t»®s was with & tm^ev of 
tla#« %hM stm«» ©f fell® hmsl ef ail mm 
slidets at th.m ©at #f fe# a#%iv« grewlag s#a»oB* Mtm pmmti.%e4. 
in f&hlm 1 am Wlgme 1 shm eew^latl©® betw«©a -itee ]l x # 
fmtm mod. t&© tetsl #?y df afe.#©t growth# Bi« mwm*' 
lati®n 0©«.fflel®a%, '» « Gt9li.» 9hmM feat an 'I, x 1 '^ »®asmF«»at 
wfti m satisfftetoi^  mmtho  ^ of <i»felaatiiig feh.® ^ easeual 4sf 
taiip®as# of iafea wep© obt&lnM on t^ e©® 
grown Im Hj# grteipbems# is lf5i» 
Bi® tr@#s as®4 for ©Watiaiag the data Aowa is f&bl® 3. 
wm» alf® used for st«dl«» ^ai®k »<» pi*««®Mt;«d 
of ftf® %3?##s ®a<^ w#re utiiium*. 
lafoiaatioa mboul th® efftet of tli® (atef&rf iat#rst«i oa top 
growtli is ineluiM im 1« tt# .aiwlysis of v i^aa®# foF 
tli® iry wi^ it iata is prei-tntei i» fabl« Mm 
- a.# tr«®s with 4warf ial;®rsteas proiuo®<l sigsifioantSly 
l««a iry weight than 4iii tlx# trees with Soldea B«llei©mii 
inttrstiBi#, fh.© lo^nfer* S-inoh# inter«t«i r«4tt©©t growth 
b#3.oif mat ffl«d© W tr#®s with a 3»i«cla iiit0ri;t«i, • a ait»tioa 
wMA vm aost pr©a©mo#i th# Ammt iiit#rgt«a was 
21 
T&HLM 1 
Qmpsacison sf 'X* z Factor 
wtfe '&j'Wwight &t Greenhouse Ifjl 
b<®p* % X W in &» 
•w" 3 ory 
% MU 3 !«• 












































AiJiilflili of VariaJae® for 
of OreeBfaouse Tmea, 1%1 














«^lgnifl@®pafc • w•bl"" probability ' ' ' ' '• • 
ftSigalflcant at tlit #05 probability 1©t®X# 
utilised* 'Wa&t iater»t«0' i?«si^ t®i in mppmxim&telj on®-
1#SB growtli tbaa i#a« f«wad ia tr#«s with doMe"®.- Pelleioms 
IMTMW&TMDRN 
TaM.# 3 pr«s©»ts «««mir«®.®ats ©f field gr«ywa tr©#« of 
thre® it«® ©«Mi»tloiist own-ats®, dwarf # aM.' bridged* 
tr«es w©r« 'i^ lisatet in tli« mmmwf r©w ia 19  ^ ani cwr#at 
«®as©»«s ^osftli wai sea»mr®t.ia Octobtr, 19^# Si® ataawe* 
a«mts.ar«. sUmm. as fee 't % faetor. ifti® analysis of 
farlame# tm mtst data is gimm at th© bott« of fabl® J* 
Iiarg# ^ariatieas w®r© ®vii«iit ia ®a@la tr@al®&mt» ffii® 
oim«»st«a tr®«8 kad a rang# of 2^9 d»arf«, 1© '^ to 
$7F$ MA. tel4g««» as t# tm}-. a®a» val»« fei? the 
tearf tr®®# wms lower t&aa ©itlitr tli« ©w»-gt«a or tfe# bridged 
trets, b«t t.h« large 'variation®. «©ag tr«®s witMa a traat-
meat pr«f#nt®4 tli© treafeaant m.£fm®mm raaelilag statistlsal 
6 3 r  
57 








r = 0.94 
I sLf i I I I I I ^ I \ I I I I 
60 80 100 120 140 160 180 200 220 240 260 280 300 
L X IN CM ^ 
Figure 2, Correlation of drjr weight with the L x factor of current season's 
growth of yomng apple trees* 
fafel# 3 
L X Ko«si»«©mti of Owr@nt S©iisoi!i«a at©ot irowtab 
ef Field CJrown Ep©®s, 1951 




































sigaifisaiaiie#. ft.# %r®#s wiMk -isfsa^f ,««#« mffwai.-
iiat®ly 25 p©2?' @#sfe l#»t gi»©wtti %i»m ®I&®r Mi® oiat»st«i 01? 
teidgsd te«#8, 
A pl&aattiig »ad» ta sprit® ©f lf5l wai €««ipi«d %& 
gtewtli »»wltia® TW&M M£TMM% l«je^t^ 
•©f ht^ m ©t fell# th® CI©M#a 
b®li#iomi ©luk#®. A %l©©fe €MTGN WM utiil«»it 
wim "tw© tr»#« mok of i&m tr#afet«»ta ia #a#i ©f eight 
2^ 
i»®pl£eat®s, a tofeml of % tmm* Btm etMblmtstons tis«4 wf© 
eiai»k ©wsrft 3-»iiio!i ani S l^neh and #©M#a 
J-luysfa aM 8-infli -fetal mw greirtli was a©&sw«d 
t» ©etober# 19 ,^ aai th® I, x faetey eale^atei*. 
fabl® l|, is a ©iMpilatt©» of tia© total growth »eftsBa?ee#at«.» 
aaalyiis df ^aiAam# ©f tlies# 4at& Is pi>ts«at®d in falsi® 
5,» &® -iegx*®#® ©f fr®®i©a foi» di?»? wmm m&am€ by tlir©# t© 
ad|mst TM UMM alssti^ - f.iilm©s that wof® @mlemlat#i ia fabl® 
&# «v©yag« g3f«rt]fe pro4me«d HF with tuarf iattipst®!# 
m» &hm% 3.e»f ttoa tteat of t?®©i with i#l€®a 
©#3.£©i0ms fr##s wl^  lafeei*»ties of i^ fneb le i^fct 
ir«p« fiw«rf©t aer® -©itt pf^agmtst with « 3**%MH late^-  ^
it«ai^  am ®ff®el? tMat wag wadLf^m ifith h&Wa. 
Q^MTH wi^ THE iengw ifttwtfeeos 
m&j hmm hmn to®t la part#, t© graft -mioiii* Sraft 
uM-dni at th« «nd« ef £nt©ritetes wme mt m aaoetli at 
til® tla# of plaatlag &« tli« miomt at tb® •»Ai of 3mimh 
fiat«2r®t«is* At- tl» girowlog ««»##» pyogi»0®i«i all p»aft taiioas 
fe#©«# wfll f©wi«a mA so ©fiieiKi#® of la#«^atlfetlitf ww« 
pre«#»fc ia «f tb@F mrloty. 
gs»«t^ M %MM WITH, MMT w&s 
a®aoelat#i with tli® fematioB of tm®v latei«al 
Wmhem ©f lat#i»al sfe©©ts F«r ti»«t ar» Oimn ia fatol# 6 witli 
thi® antlfsis of ^ai»iiaie® la fafel© t# 
24 
It X Ji#asui?©m©nts of Qurrmt Season iii©©t -feowili. 
of Fl#ia QROWM trees, 19$L 
(Data are cm3,) 
f|p® of Imterste® 
Blf»f 8 i2 a. ' Cl» B«i. 3 ill* ' 
3. 8 II •S! 2| . ff 
f 77 
119 s '8 13i 129 
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WmMi? ©f fm WL#M ar#tm Sr®#®,. 
'sic''' 'l&iwf ^ 'IMM'¥s#.' s 'ia»' 
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hi# siami? -of' shoots ©a th® DWMES INTEMTM TMM WM 
1©M«3? than a"Wfe®» ©a Seli«a ©©llsiem# 
Xiife©3?s%« liad littl# iaflmta#© ©a 
Wm wmhmr ef l©if«"f«i», th  ^ l^ ag 4wai»f 
iali6i?it«(bis ##iue«i tli« OFF WM^MS 
,3.#i2  ^ ®©M»» INllei&mi iser#&»«i. tosseMag Ai^ Ml-y.# 
S'&I%H»» of t&e«# lm%%m was si@atfl@«st i» %M 
•stallitieal -ftMlysis* 
Mm%s 0t tmm g^mn ia %h» g«i®itoous® ia 190f 
f3?0B &t BolX aisA ibri«4« &» iftfea of  ^ frntol.® 8 ife'Ow tlaat 
•owa^stm %v#«s M g2*#mtej? i»d©t giwwtli MM 
m« difai»fs* fctas. w©ei ©f was fh# awas^^'n i»a® 
2.©«,s Iswlg tlia» 1M@ m&»§%m tout .aot 8tsiii.f4©aiitly 
«©* fetal l@af aF#a wfts sigstfi#aatly 1««# in loid 
t&® ptretmtaf# 3?#dm©ti@s 3m l««f »©«, was msrif Memti-MA 
wim th0 rMmtlon im met ¥© aiglit saft t^at 
tli« liit©i'«t« M€ Mi'lli tri®sl©ea*-
tioa of p&otosfmtliat® m&. m 'mdumd p'GWila# ©i? tl»t twig 
asa l©8f ^©iffe hmt hmm ia #«»© mf itna *©©% gi?©w'^  
w&« then pmportl&m^a. to tit© l©«e ai»©a ai^ plfi,ng gpmWk 
iiat©i*ial«. 
fh» 1951 g3?®«sto©ms# aateyial was mis© waalied ©at mmi 
©bierwA fej?. top md growth. So ewa^Btm %mm wer© 
ttsst ia i^s ©«^«1»©% twit s©lf-iut@3?st« plant! iiiit©mA#, 
f abl« 8 
Wj W«igM of R@©ts, ©f Qua-StWB ami Bw«f Ia%#i*ati« 
®ip@m is tli® 0retrifeoat«i 
cu&tm ib ®as»| 
^%rarl 
1 171 1^2 
t 192 11? 
J 202 X$O 
c 177 
5 ' 195 1^ 8 




frts. i. klOSm 
Error % 68$ 171 
witli th® #xtra %MLMM mfc »©t WM ©.arte ifearf m©©fi» 
$b@si» tr©«g grewa eiiy «i» sta®# grmftMf «»i 
imMmmL amy not U&m h^emrn pwtiemarlf 
«iise« nm root wmi .uot :S(&pnarat#<l twm •©!€• 'Ite tM» 
l>»il# til© 'tr##® wt^ . Wm #riQ?f iw4# l»gs 
i»®@fe tbab tlios® -mlili o*»-wo©4 tot th«. 3» 
tearf iai«rst« ^©m#€ » r«AictioB ia total r©©ts. 
It 
6tost:rfatloas oa HaBlt of 
wifeli Awmt int®i?i%«i» sm4® m mm% .»p3e@aiii^  
tlai» e®ati»®3ls, te&a#i«s »©s# at a iow®  ^ aagl© 
tettt gjp'tw ©at at smm angl^ p o» 0im-st#M 
t3?««s at ft M#i. aagl© "brnt t© li«-aa i^ wwi^  
tte« f©»dag a m«# sfeaf#i i^f«« _ &»i%# grafting t© fef^patt 
til# i««f %M »©% iafe®3?#a «i® growMi h&Mt ©f inaitf' 
t:r®«-s at th» -©las ef tw» MMM*M p»©wlii» %MM 
of •&« aM snit-g-l« typ© MM fi©tois4 TM WLGMM 3# 
^ st^% #aeht ©f til# MM*B:^M0 temg®a| ^aad iwakf 
'gtiw, timfeimmtas u»»i foi» mmmx'mmut'm isiigm## i;© 
qmasfeitatlwij • tfe.# -©iKi©.^ ## diff#?#»#» im gftwtli 
•faaMt#' ;Si# nRxlaiM ©f fe®f' ^ f«a4- ©f "fcl-it Is 
8&©wa im faMt %- 'Sms^ ewii*it«i te##i »ag#i, fvm tmhrnB t» 
|S ia&## 'wttla a» air«3?,ag« ©f I|1«S lii^ «| tfe« tefigei 
fTO» 3$ is©li@» t© wi'lii. « mve3?^g# ©f l|i isebesi aM 
til# imisf% tvm 36 iuekes t® 55 lncb#-s wifeh m mmmge of 
Bdtli. tfp®s ©f Mttli iif«f lafe®i»itiiii! ,hi<i 
TMRS^ MMWM^ %HXN •feht© MN*S^M trtes* 
la a s«i®Bd tk© gmw%h. bafeit 
i5b# fer all if«r© 
a®s»ir#t aad me i» fabi« 10# fa»b#r- 'OO® angl© £s 
tiaat ©f da tM# ter®#, aiai ttm other ^«aigl©s 




f©p ©f @r©i«i FWM»P 
0&M& in 
l«p«- 0Mti-sfeem lri4g@i 
% i|.9 Jj-2 2 l|.9 .^ 6 3 tt. k3 38 k Is SO 56 
5 nit k9 I|.8 
•6 m 
kx 
• F 35 I 59 8 'm 50 
Airg# W.9 
A*lysi.i ©f fmtsmm 
S«w3pe® Sii8» 
reps, t M$ 
Own-st®m "ft others % 221  ^
Sesidnal i 0,01 
tep©i» i% $92 i|.2«3 
i i j i i s '  " s p i * o ¥ i ^ i l & y  l e w l «  '  '  '  
is 
fable a.® 
^1®# of QM WimM irowft fmmg. 1951 
fSata la 
fi?@ata#at te&feey of 






























































Bi® aiialysis of variaae® of .es«ti©li angle iafea is Amn ia 
f&ble ll« 
. mbl# .11. . . . 
ijMul'ysSs ef fa^ma^® f^T .JBogl# "Cfttia liteeum In ^Tabl® 10 
iowe® «i*f. »•»,: 
Reps, f 856 
l^ts, 2 !|.56 228 
]teor (a) 111- 2919 208 
Crotch position 3 1003 33l^  ^
Grotclx X TR&A.TMMT i 1919 320## 
Irror (fe| 4| 648l{. 102 
'  • ' ' f e e '  • w ' p r o w m i i t j  '  ' '  ' '  '  
at the •O  ^ probability levels 
filer# was m tm th# to#«# to feair# wii# 
»«l#s ©a til® lower fer«iieto#8' witto « B«rr©w©r »gl@ at 
tii« m^er WARN l®»#r ©f tw&rf iyat 
bi^,%M tr©#8 Mdl narrower tretA iii«l#s ^«a eefflp«i»bl©  ^
br«seli#» ©a tfe® TMM., bttt tii«r# M QH»®WRMHL« 
tmMsmf for tli« <ir t^eM#s om 4mrf bridged tr®@a to b©e«» 
MMRMM at the br«B  ^ l#v®l#» Bter® ma M i»aicati©a 
tl»t th© brligii^  ©f the «lw«rf l»t®r®t0a liai ia way 
<j|3i«g«d 1^# ©rotda &a#®-s eii®Mtet©rist4« ©f iwasf iat«r8t«ii 
tr«©«, 
. SI.# iii.ff@r®i»#» la gmwWs. MMt b©tw«« the ©wii«st«i and 
i»iirf tr©®i mt f ewr ytsr# of 'age were not appar^at oa foittig#r 



















Flgm*© l|.» Iioagitedinal sdettoa and erosg i«cfeioti 
•|b#i©w) 24 3r©«r ®lark i>ir»f TNT%M%MSM 
I©,t® 'ETA^M*GMMIKT OT Qoln Delicioug abof© 
lnt0rstira» w#ll f©3M«4 unloat# tMcsk bark 
d#¥©J,©pa®at on tli® and radial 
cii©okliig im. ci»o®s 8®etl©a of 
eontlmiltf w®!! 'fomet vml&m w®p® p3r«s©»fe» . 
fartl©«3.«i?ly •i»tl®«»to3.© w&m 'Si© '©iila?s«@o.t.t ©f tli#' a'©ia#a 
O@ll©ioii0 MLOM iwitdlatslf' abov« tk® i^ p«p ^aft lajloa*, • 5&«' 
S©M©a B#ltelotts s#l©a • at fch© gipaft • • iaileatei. 
by til# wTOW'ji 'sai tti«a &gsm#i &• aaaller Aiaa#t#j*' &• 'Shorfe' 
ilst&ia©© a%of© 'tli#' & si«©«tli patttfs' ««sg®tt8 , 
s<»i intes'f#«•©»©# wltte. :-iowi»rard-"lyaiwloeatieB. at tli# . l»t®rsfce« 
WALQB '^ 
• ffe© deirsl^ aeiit Gf ©n tli® li3t®rst©m w*s ameli 
ttian, OS ®lfc©s» tli© tt©ek or seio»» l»t©rst«i oa. ©Id trms mmj 
h& rm&gtiiMmi. hj tti# pr6«#»# of Iwg®- flakei of bark feh&t ar® 
being sle-ugliei, ©ff» Im tiif longitrndimO. s©ttlo»s #1© 
foist of of the intes'at* witli th# 'stten of stoek aaylj# 
f®tiad W ®. eawftil obi®wafci#ii of 1^© bark defelopaent* -
A &M$9 seetloa & aJf. ^-esr olt £iit@Mt®a ©f GLMRK 
mmt aad & e3?08.» seeMoa of fch« Soliea Belieieiis BQion 3 
iwshm atjof# tht© §«© iwai^t gn%@m%m ai?® sliewn misg 1» 
Fi.gam l|» fli« cG^m&^iwe hmk €@f®l©pwnt ©f Qi© tw© el©ii©s 
i« aoi't cl©«lj ©Tldtnfe 1» tb.® cmsB »«e%loM# Clark 
Bwarf bai'k Mm« apprexia&teli' tii»« tla©» a® .^lek as *fehi® hetrk 
of §oia®ii B®ll@l©us«. ©waffii® itoekg itiatrally h&w® this 
^ai'aoli@j?i«tl©ally HE&W HMTK 4®¥®loi>iii#iit, abotla®]^ natatole 
f e&twt smn in. tfe.«' &m&s' seetlens of tli# %m elsiici w&s th.® 
ditt0mm® in m4iml eheekli^ # Sie l»g# ofeteki ia th® • dwarf 
w#F® not present at tb® tiai® the tr@e« w&re emt# but oeeTi»#4 
I|0 
lafc©,r ms th.& •felssmea #3?l©i» Llttl© m m eliecking ©#eiw®i 
In t:h« 3©M®a Delieloms wood, Otli#r wmk^m wli© iimm »ai# 
ietallM stttdte# of dMarfiag sfc©eks fomsd a ' 
lil#i®r p®i>e®»tag« ©f IMng tlssm# is tli® scflaa ©f the 
dwarfing stoek CBm&khmm aat Uemtiek  ^ 1936)* fti® radial 
©iaeettng ©f tli® Glafk I^ai»f siigg®st« that this &lmm ala© hm 
a Mgh p#i»@«afeag« of living tlssu# In fell© xjlm aai. a eoi»r©»-
hmrj #a»lnkag© on ifylug, 
•toa ©f th® mm% strikin® t&mtwt&s of to aw&yf ist@?»fe«a 
t3?©« is tti® of Int^WMtm ms 'e^parei wife th& 
digaetdf ©f th.® stmk aM selea* &« iatersl?®® fe®e0ii®» 
larger ttoiaa th.# sfceek setoa wllAia tw© y#«ps «ft®3? 
grafting# aM etatsfsmet t© Biitiataia ths lwg#r f©  ^
tb© lif® of fell® fcp®®* A f©«p year old %rm with a •eliar'aetwls'" 
tieally liayg# int®ysli«a Is Awb lii Wigme $m ®bie .graft 
«Bi©ai &,r» mmth &md ca l^#t« with m #irli®iiee ©f IneQiafafci-
tjilitf. 
ZmUmnm of St«a Omblaatioas ©n Iiti»og-#» Aee«®ml.ati0*i 
fh.® influene# of ilff©s»@iit intergtm eoabiaattens ©it th.© 
aeemml&tion of nltmgm in tin# l®aws of f©i*tlliii®4,» petted 
tr®#® was stMi©«i i» ft of tbp®® 
A dlff#i»eiie« la mntemt of nitpegen l»©tw#®» aopulai m& 
®mmi.iag aai#l@a vm obs#rr«d» W^w tMi rmmGU tli« <let©r»laa-
ti©n« aa<l« &n si^ lmm taken la tli« efming &m •prmmn%e<8L in 
1^1 
ftgw® WMV year old appl® fer## Aiewlng ©ia.»g#i 
«€ sfflooth waidns. -also the mu^mm ©f 
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Aocimulatio» ©f Total litrogen in Apple Leaves Pollowiiig Soil 
Application of !Ep0©s With Thre© Btm. Combinations 
feewn i» lib® %»#e^ous©# Jiiawa, 19^0* I«#af Saa l^ea fak«n at 
8too p.m. 
(Pmmntmgm ot green weigjit) 
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AcctJmislation of Total Nitrogen in Appl© Leaves Followin/5 Soil 
^plication of frees With Biree Sfc@m Ooabimtioxis 
C^owB i» th® iTuxm, 19i^ 0« ISMt Samples fak@tt &% 
8 s 00 a,2i» 
•|?©a?ooBtag©» of |p?®©a weigjhttl 
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Aeewtilatioa ©f io %pl« I»eair©« i#t3. 
Application of Trees With l^ ur Sta® Ccsabinatloas 
q-towsi ia fch® i»#af s«3^2.«a fa&tn -ftt 
81OO p«M. 
CF#i»©©atiag©s of S3?©®» 
h«p» g^ya .«ft#r_®,toli&<itipa 4fg# 
gai» 




t .68 .67 
at«f 8 tii.. .3 ^$8 .65 
s *61 .62 .69 
i .63 .6| .75 
mmt 3 1 :II -M 
.63 .63 .70 
.77 •fi 077 
.73 .67 .7  ^
.79 .78 .78 
»72 
1 .89 .9lv .89 
Afg» . •Il •73. ,7f .,•§% 
1 .73 .60 .69 
t .81^ . .90 .95 
#. jtol. s 1ft. i .i{.7 . .6li. .66 
afi« .73 *tf #©5 
.to .70 .1% 
.89 *93 
1.00 3.. 03 1#00 
afi, •#% *t% 
to* 
IXQQ* 1100*' {Q| 
iiooo* ^m'* 9 . tw *• •»!$ 
xtoo' t oujs^ia^rti 
mflXO* t »«ilt jto 
86£0* $IIV 21 c«) 
•too* 1|?2f c 
o6o€' ^ *«^M 
.^t»« »t*# 
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V 
f&m® li 
Aeetatalatloa of Sfetal litrogas is %pl© liea^es PolloidLug Soil 
%plieation of 1%S© ,^ fr©#® tfitii Fow Stiro Qmhixmtti&m 
Q^MN ia tih® Si*#©^ousf.d|, IMM-i, 19^1* Saaples fafesii 
8iO0 
(Fepeenfcages of •§?•#& 
iif»' 4ittiiiii'i iin Ti"> "fn wis®.wi#ira s©p< •yai. M»M3&TION Airg, 
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#:* W, 8 ta« 
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Figure 8, AccHfflnlatien of uitirogen la leases of apple 
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7 8'  
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6 8  
0 24 48 
HOURS AFTER NITROGEN 
APPLICATION 
t^rogea applied kxig, 17, 1^1* 
MQ 
Ais i^walatloa of i» Appl# Lmmm W l^lmtmg 0$t3. 
Application of Trees Wifch Stesi CoBibinations 
Srofwn in the Greenhouse, August# 1951# L©af Sasiples 3?aken «i 
SsOO p»m» 
c f •  © #  g i * ® # a  .  
hep. bouts t»r ^glicam@a Airg» 
gaia 
s» • :tti3l* 3 tm* 
#« Del. 8 in. 
^arf i t»» 















































afg. .70 .11 ,72 .06 
mm# 2t • 
of Variance of Hltrogen Amm£^mttm D&tm 
in Table tO 







«iigaiflei»t at. »05 p3:*obabllitf Imel* 
'til# la©r®ase ia i^-tros®b e^ateat wa® gi»#iii#«t 
im fe# tw© aol(i®ii Dellei©tts interst««s» 0,12 |j®r eemt f©f> 
thm 3»i»l3. and 0.13 p#3? fm tla« 8»liaiaa lat®3?®%«i# mh^mm 
ei# -witfc dw«3?f 0*10 p®i» eeiafe asd 
0,©6 p«r e#ii% for tia.® 3- S-i»eli i»t©fst«s J»®s|>©etlv«ly» 
aim® a t#iii©»y was- ^ymu tm Q©li®s ®©3.i©i©mi tmtmmtm 
to m#<rtwttlat® iilti»<«©» a©r® rapldlj -fesa fell® aif^arfs 
sltSia^gk th# tiff@r®iie©« 1» ©f aeeim^atloB w»# a©f • 
sigatfiesyat im ••tafeisti©«l aaalfii® (fabl# a)# 
aiiilfa®» ©f til# a©paias ««pl#i tskm miting l-agmst 
19^1 ay© &OW11 la fabl® 2P, wifcfct tfe® «iMlf il# ©f wylaBe© •©# 
1ti« iafea la fabl© 23* Sie ewres m% pl0tt#a ©» til# fl#it 
sit® ©f 8* ©f &b4 l®i«m of 
Reps, If. .0705 
a?rts. 3 ,0172 
Error (a) 12 •O613 




flae X trt. f #0208 
l»«i? (b) jp »0867 
mm© it 
A©©iiainlatii©n of TofeidL iiteoges 1» topi® ItBmm Following Soil 
;%>pli cation of T3?©es With Four St®s Combinations 
in th© Aagwstf Ii#af Saaples fak»»' iti 
8soq a»m» |?«re#ati^ #s of gi*»0ii ir#lg]^-|J • ' 
3l #63 •% 
2 •70 .77 .80 
#• iwi. 3 i»» 3 *§4 .g 
.72 *s2 
avg* ..67 •fo ..if 
1 »% • .7% 
E .63 .77 .72 
ft, B©l.'8iii, .82 . 78 . 79 
.68 .69 
.fi %sa- •si^ ^ 
Atg* .71 .76 .n M 
i . #73 ^ •fi 
t»ai?f i ia.. •••' i .72 • .67 
.72 .72 .67 
•M 
.73 .72 .?S 
.79 .73 .86 
atg. .-ni, .73 .75 .01 
1 .7!|. .73 .70 
2 .75 .79 .81 
Bwarf 8 In. 3 .7? .73 .73 
.75 .72 
*86 il 
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I I I  
it 
•«» st«» t&ii mi at tli# 
#s^ %te@# BMA &iit'«»l4«l3jt li#n^f s0 ©i^y ©» bwfe irfts 
Bi« e©ttat* Qt sasplea f«M itetps #3t 
%ip.i«lf s&kea FW§M M sbe©.»is •te## s:ljiilar*ly ay# steewb iji. 
faMe  ^&M plom^M im Mgm* f • Sim b^&B 
application 0  ^wm prm&nt .i» mppm§imhl9- mmmts at m 
1$.$ «• feelow tim point of •npflieatieii*- A p#a;te'§f mm» 
mmWrnMom wm pmment &% |® mm &# mm to 
«©iire# w« a®is ttxaa al tli« 30 «•. So 
Jjtmafeity ©f »iioa«ttv« a&t®^£al bad a?ta^«li«€ SO 
MM$ to® ©f %H& l|:st.'li©«3?s W£%M appli'em* 
t%m &t gigJBtf i««at r«iiati©s wm pF#i»at ta siS. the 
t«pi#»%s ©f- th© b«k styit litirwst## at tla©« A i^stAS©# 
ef at least 100 m* im£ hmn. ta?ay#i»s®4 toy tto# aetatedltt® ia 
tli® iiii» liow pejftM# iaiteatii^  a iwtt# of 11 li©^* 
i#ne©iitFSitio» #a?0ats w#i»® «vi4©ii% at 5 «a«» «•# 
«#» i®.^ a «iill«l» »#«* at 1#0 «» At 80 ill* 1©#%*' 
m®a ©f & sllflil 4@or®it8« if&» fli# 
wrnmm  ^ sft^ ftsis f»c» 60 t® 10§ w©» a©t @©iisiift3?®i 
•igftlflemfclf itffawttfe, was M ©vii©s®@ ©# im «©«»•> 
latios at Wm ©raft ow &t the i^wkmrntm* Si# »#ri®# «f 
#r#fts aad In tkt msnm % feasslotrntidii 4». 
M ^&MM^MM ^M,EH oa th# HMM @f 
®T«.®ae* lt«»» f#s.fibllf tim te®imlaptti#s mm 4m 
M 
Table 2k 
©f »#« M MMT 
flio# 
{comts pe:r laimt#! 
trm point •. .,. mm 
of applieatlea i 9 aX 
0 - 5 xi^3 »t 
6 - 1 0  1 6 1 7  S S O l  10k9$ 
1 1 - 1 5  2 3 8 k  l f . ^ 1  1 0 ^ 5 5  
1 6 - 2 0  2 6 0 5  ^ 9 9  9 1 9 3  
2 1 - 2 5  3 0 6 7  s 3 5 3  i | b 8 7  
26 - 9168 2320 lla6 
% ^ M 3135 ML 
t- 5.0 2l|.09 3818 79 - ii5 162 1470 69 i^ 6 - m 18 882 163 
51 - |5 tf 26 9ii. 
5 6 - 6 0  s  1 0 2  1 6 3  
61 - 65 12 26i|B 1:^  
66 - 70 37 3^ 3 96 
7 1 - 7 5  ^  3682 76 
76 - 80 f 2617 
81 - 85 ® 3232 U 
86 - 90 ® 23i{.7 0 
91 - 95 I. 1?17 16 





70 6 HRS. 
Q- 5  
50 V- o 
z o 
U-9  HRS.  40 
30 
20 
25 35 45 55 65 75 85 95 105 
Cms.  FROM POINT OF APPLICATION 
Figcupe 9« (Eranslocation ot in young apnl© tr®®s« 
!£lui>ee strips of bark sailed at o, 9, and 
12 hrs« after foliar application# 
if 
a®fhi©i of aaapltiqg steifs Qt %mkg s& tiaat ft 
mei»wm Wm»%omtlmu $tmm. wmM at wmA&m 
IMMLBRN-
a&t« #a, s tteif ®f feiirkt 
f»«i tit# M- kows *i%»w application cf c ,^ »# i^ W'la 
$ .«f faM,® A %mm® ©f  ^wm$ 
pmmnt %m tii© i?esion 6 to at ««* teelow the polat af applica-
tioa# Si# M#! ©oneeBtratioias p3?©#®at teim Hi® »tiw 
t». th» ii.i» h&m' m% femfi tZ 
3«i/©«l4#me# of aceiMalatl©» at tlie *aiii»i' oi? , 
ia ml# sbssfssw#' 
^ .i^m»att©a ef toi# fadioact£t#,*ts#rl.^ isy papw ehr«»«%#» 
grapfcty •»€ analysis 'feat g|m«os« w«». Wm 
• s it 
•m>, •MkiS' ntn irti uniinniiiii iim jMi. •S*-  ^ ^ i>t THIH j"* M <« H,IL ntia sI^^LH, -^Nk. :^*Bi»ilnwiTf 
Sfctlimetiv# mfteyisi H»& r«a«^©4 ^ i:#pi«»b 
©irt.y tif0 ©f strips' t^ sa fwm i#s#.si Wm# la .. 
wtfeer 'Gt mem uWlpM wm «Ti.i»iie« of m. 
wi^ a«ir«ftiit ©f glmees* at to- mgim ©f iiafe«i»gt«.* fto 
iat-a pi»«s®ai.#i »# «ialtt®ily iBwiieim»iv% tJi# imtlfe 
«3f .a ©f »itoa<stiTity at t^» r«gi@a ©f tat#wt^ 
1#'  ^istteate IMt ^mco®# t3?&asl.o©&tisii wm m-t 
m»i,m&w tof Wm pmmmm. ©fa 4w»i: inters |;«i#^ 
M 
Wm%m '%om 9mm. 
liit#' of wA%m 'iom t»m owB-#t«#' mmt, m4 
tmm wm» stmi&d ia 1950, m«i:iii m& aix tmm &t mA 
<}|p#al»eiife t&at mr» alxfeixy© tm-
acei»»latloji studies* ©f l|«gall©ii 
w«© elo«#i with al-umii« foil t© aiulaig# wapwatlei^ ,. . 
lidlmal ©# %»•#© plmi ,«©ll ww# 
•|ii© »©#ks .sM allowing' tli«» fee €»£» tm  ^ two Mews# I»#«s ©f 
%rafc#i? WM m tli# €lff@»a§# fee-few©#!! «ii ftagl. 
Af^r'as® «#«. f»• l#ftf n ®'^ 1® ef 12 
fotifl. l#&f for te## wai 
#aleiilat#i trm saa^e^y ©f mm tli® 
•• fa^w'l#ss per t#©£a#t«f lem •si»fm©# is'«liei«i 
£s f8^® 25 first »»«ii. #.»i t» fifcfel® Si tlie mmfusA 
WMM^ 'SM^JSM ©# tsfe# torn i&owet M si^sjlftea»e© 
%«tw#9a ti?#«t»i.iit a©sw is'sitlitip 3?m#. tb« lew®y wat«-^ los# 
p« milt ^ tie ©wii-t%'.e« Wm» is mm 
hm% i»# t@ of avtllafel© hj, 
t&#i# l»g« 
•si0«0 oli.s#fmti©s8 t# »jl? 'tibat t&® MMET iiils®^ 
Btm  ^ m iateiC#!*#® witM water fey# 
m©f«a«at 1®,. M TRM tb» tye#^ to«y©ai s»#<la§.%io»i 
ill# t® fai«ll®i? tr®® 
fam« 2$ 
Wmtm tots Wm 9^#tnhouse Gfpown Trees ©», agp#® B%m Ueiabliia-
tions# Series J.# 
la lis 15 a»m.. 4/f » 12130 f,B# 6/3.01 
Own-stem Iftfarf S^iciged 
20,0 20.^ 20.1 
22»k 22.li. 21*9 
20»& 2K* 3 25»: 
16.5 174 21. i 
17.5 1^.9 25.1 
2I4..II- 19,8 l%k 
AFGM MA »•© Z2A 
Aaalfils &t fmtmm 
, Sotire® 4,f, 
H®p«» 5 i|S' 
Ert®. 2 17 S»5 
top©i? » 75 7* 5' 
68 
fam# 24 
tms Ws*m frees m it®® §mhi,m*' 
, - tl©n«» S«»i«a 2* ,. . . 
fSata %m !|-t30 P#»* S/M t© 9s30 4/3.i|.) 
l«p» 
1 19,14. 25.2 17,6 
2 18,5 28,0 27*S 
% 19.5 25.8 26,0 % 20»2 23.2 26,4 
174 19.0 29.1 
s 21,7 20,0 
L%F 23*1 
toil jiis of VMTMM 
s©^®® 4.»TM »*#• li,S» 
Heps. $ 
TRTB. 2 m 37 
Error 10 1  ^ l5.l|. 
of Field T^mm 
«r©®s imgf. .isterst^s 
st a ag« Mima i© tr#»» o» mm st«,. fiifs pr««©» 
#l#ua 'siiggtst® m Mti&mmm im: ^Umtml s,«#®aiii©a 
smh bta^s art <Swtlop#4 t» masoela-fctoa wit&, 
i»®due©a d#wlcifffi®ii%« ^«4e-al of ^l«af 
fitm 4mm^p aai ©w»-3t« !»•##•• »«•© aa4® t© 
e©apsy« iiff»#ii©«s £•» ka©wi f<»ologi»ml h^h&w$.m vlfh dif* 
f«ii»«aets in pkystelegi®  ^ twiposittida*,. 
®».%©«issiti©ss radueiag #yig&r eomtest ©f t3?#«« in Ii4» 
al %te## soling i*%©« ar# tlieirs is fa'bi© 2tt 
wl  ^ ftimlysis ©f ©f th# data ta fitfel© 28* Si# ' 
r«taeti  ^ mgm e©.iit«at ii at a p©»@iifeag« ©f 
g^mn ©f i&# M®i« f 
4at#s ©f ar® in ^ftgar# 10* 
ffe# dw«f asi  ^teli.g#4 t^»#s im€ & Mgiier p«3W#atiig# ©f m* 
mgm ttia» tb# ©wa*afe«i t»«s, to a? ma 
0 %VMM: VMM lbte»«4ia*® t© te#«a «f th® 
tw«j «l«  ^July t? tlfe® w©y«- fee 
lii,gb®s.t of tli© ttee® i5i*#iila©s%i !»..% s^l? sl^piifisiiiililf 
titam i»wf Si# F#tuoing m%gm mntm$ ©f sill 
«:»eliii©4 &imn% l.j p®:p ©©nt of m® g^#©s 
iti# TM aealfe psi'ioa «sf ss^liug. 
70 
f&m# 27 
iigmr 0ont#nt of Leaves ©f Field O-rowm f»»©s 
Mlth Siree Steaa Geaafeinations, 19Sl 
if&mm%SLg%B of 
Jte» 27 ifuly a? Auigust 
?•! 6.1 6.5 5.1 
5.9 5.6 
6*7 5.8 
6»8 5.9 6.0 
7.7 5.9 5.9 
7*0 4 3 
7*1 5.7 5.5 
6.7 5.9 5.6 
7.1 6.7 6.1 
7.1 6.3 5.8 
6.9 6.9 6,2 
8.2 M 6.0 7.9 6.5 6.1 
7.2 6.9 6,7 
7.0 6.3 6.1 
8.3 6.5 6.8 
?,.5 6,7 6.2 





7.1 iS. 6 5.7 
7.0 6.S 5.7 
7.1 7.8 5.9 
T*? 6.7 6,1 7.6 6.1 6*2 
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Figure 10* Beducixig stigsr In apple leaves on three dates 
from trees ®powlng in the field on three stem 
ecsnbinations* 
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Aeld Hfdroljzable Polysaccharide Content of Ismwm of ft«li 
djpwm M^plB frets With Three Stem Coabimtions* 3.951 
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fam© M 
AaAysii of fmtmmm &t Acid HjdrolyzalJl® F©lf»at#iai?td# Wmtm 
in Table 29 
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B R I D G E D  LU 
3 . 5  
O W N  S T E M  
3.0 
AUG. 28 JULY 27 JUNE 27 
DATE OF SAMPLING 
H.gur© 11. Acid hydrolyzable polysaccharides in apple 
leaves on three dates from trees growing in 
the field on three stem combinations* 
If 
solubl# it.ai ill© ttXmh^l imoluhle f©ms of la 
samples t^m %im M9%4 gmmm »« slpiiri#.aat 
H^LMRNM *#?# TM MM ©f 
f# tti# tw# 4«%®mirmtions mm combia#4 «ai .»# m 
%©tal ,»£i»g#ia#, mm. Aeifs ta fmbl# 3l asi gwmpMmmllf 
la %fape 12, Sb# analysis of !• Is fabld 
3t# wm.9 m significant &±£f%mmm b®tw#»» 
»#«», fe© Igmm  ^ inoreas© In nitrogen #oat#»t w*« M.#ly 
sissifieaalit alsd tai® aetiatlons FMM. liatartti'. 
of tii® liiey#its« ©e0W#r#i b«%w#ii imm t? aai 
#iily wlfli QWTLF & sli^i la#r#*8» tli&t %^©, 
iw»f %mm ia nitpogea #©st#»t aft®** Zl§. 
wst'sig^fieantly^ 
Ife® aa6l|-»#s of l«tf s.ai^l«s ^ twm fi#M iiws oa 
»b@w'#€ gipitfieaat 
im. w^mim ®»S«r e©at«iilf bal m im rmmm 
ptiXymmhml^m m total 3aitF©g.#»#. a#te«iag sugar ©©mtdut 
was l©if#at i» &im own-stem ti»e« tteoia^emt %im tl» 
4i»*f t^«®s wtm m^es-t &i^,. "felit tei€i«l %M&» « 
f OS it ion %© t&# etli®» t*©* fk# M#i i»«iaetiig 
®ttgai» tm tl» iniiff# « j?«tsati©a #f »«g.» is ili«^  t 
&s M 0I «»• tatei*stM. bloekii^ aeif«i«»fe ©f tfe# sttga^-
to to 
fetal Kltro gen. Content of Leave® of Field Grown &©«« 
With !aip©e Stmi Com"bimtions, 1951 
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®qp©3?t of- aa at«ln iitoiblter ©r eth.ei' grosffe rtgislafcoi* toy 
th® ©ffeets mmy b« im# t© tb® tadloa of 
Med a©i©a, aM thm to# i'oAmp&wimt ©f tte gmmtim 
•mS, fliy®i©logf of til® lts«lf • 
fetaj. "teiitti# ©f g^«th wm« 
l«a« ©n d»idpf trmm •lliaa •©» mm»mtm sai s#lf» 
int^^TStm Si# l&wtip of grewtla ©m tli® ^warf# 
wm mot pTim&rilj & rtsmlt ef lets p®r shoot,.but 
i»afeli«r a p®fl®eti©a of * l©w®  ^ tofe.al mmh®r of % fe© 
f©ur f^muf thm aiii® diffef^ae® betw@«s €wiu?f ami ow»»it« 
ti*®©# WAS »©% app«r«mt wl-t& ©asmal ©bsw^atleai, 
Cswii»sti» ti?««s l#iidsi fe© hav# m w£a#i» ©yoteh aagl© «od 
mam apwaM wrratui'# of Amt ttpM fe.aa iwayf 
¥ld« ©retell anglea »y 1i« ®, f3.«flot,iP@ple psspoas® to a 
rnmln leT#l la tli« mmlm tern#!? C2.93f) w«» atel# t® 
py©<ta©© wlt« m&tuM mglm hy thm of tfiatlietl® 
aiixln to Apfl® iiaL@©ts*, Hi# enrratmr# of Mhmt tips 
li mmmm .^ to 'b® & rmpmse t© aiaxln l©Teis Iti tli© 
s®e©M«i»y teasel*### at@s» .tw© eh»a©t®^litie# of ow»«'St« 
ty«®s suggest a M03.m lm®t of smxin %hm. is f®ti»l ia dwmt 
and MTA.& iadleat# iyatla«xii» aetitlty TM tk# dwspf §* 
Aecordlag t© Vmt aai ffiJaaaa (3.93?) lateral touts sm lii» 
lilblt«d hf ill#! la tli® 
tmm wiiMfci m appai?#atlj Mgh aiislii e©Bt®at l>;raa^«i aoi»« 
tm^lj ^hm dwarf ti*##® irltli ft 1mm awxlit Amrf^ 
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Mater l#ss per imit ©f leaf mtm was m ter iMarf as 
for trma  ^ i»dleatiag feat watei* aciv«®nt t3»o«gli 
jiylMi tissue wa» m% tap«iF®i % ttot« pi?®s®»ee of m& lnt®rst«* 
Im'§xj 8mB®m tfee saalltr rmt arts, ©a'dwai*f ti»#«s »igtet 
Qma0 a w&tmw defieit in tliit tops whl'^ i wotild iiat«iiiiify tti» 
€warfi»g rsspdiii®, Howef«rf •'ttili Is « mmMmcj #ff®et 
2»©»tiltiKg frcwi prml&UM dwa3?fii  ^ 'Iffeets ef zyl« 
oa t^aaileemtisa, @itfe«i» at tli® or In tfe® intent«, ai*® 
not «oa«ii3««d t© Im-r® .as ©.ppreciftbl# pai?t in tli« plij»i©logy 
6t the €if»f£iig j?©aii©as«. 
®a^ly fi^M-tin  ^ eli«*act«yistle ©f d*ai»f 9&ple %mm 
aay to# ©xjplatndt on th® Msi» ©f faetcjrg tia©ms8©a If 
dwarf ti*#©# h&m a loW' amxla dm# to th.# prstoetiea of 
SB aattaiajEin % tli© iiit©rst©m ©r t@ a sX«w«s» S'a.t# ©f slioet ' 
.gipcwliit tfetn tli® attxin-floMgea Fati© mmj b® *Mft#i to a 
eoaSiti©a tlist fairoi*! f3.©w#r feM iaametion# Gtoe® 
flmeTtmg and fFaitiisg are thmMmlmM dw«rfiag imfl'mm&m ftiat 
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Bi® fe«y.|c-M®o4. j^afcl© of CEark Bwarf is aiwil«* fc® felmt of 
awM?fi  ^ »t©eks m»#d In Btt3?©p®, 
&#©» of wn-st ,^ €warf» teidg® ,^ and s©lf»int®rst®a 
%M0S MMM ii«®d fei* NLTRNGM te«a®loe.atioa stml#s,# BLMM 
rates of mitmgen mmwmCLM&m 1» l«aires ©f %h.e iwaopf £iit«a»» 
«fe«i trmm «# as ©tldeaee ©f lipaljpei. t3?«»aloea« 
t£oa dm# t© th# QT TH% gr-affc iaa£oa» 
Aaaljsi® of baj^k stelp# following pli©toiftith«sii of 
radlosefcl^®- e«rb©a Aloxli# fey a l®af of a iwarf iii%©i»st«a tr#« 
®kowed no tTl<l®ae© ®f sttg», a«0iia«l atlon at graft tml@a of 
in tfe® fb© srriitie i»®«tilts ebtainei with, on® tm» 
suggest seaas of tbe eoa®jl#xlti®« Itt^rolted in ttslng, this a«tl»d 
of stmtylijg tPaMloeatloa la appl© 
fi»«l.lal«a3?y ol3»®,:p*?atl®iis wern »ad® oa water triaisport as 
a faetojp la iwarfliig* I© mMmm' ©f iirset Imt&mtm. Inflii* 
mm.® ©a water l©»s was fomii* 
fi®3.€ grom trees of tli® owa-atmt, dwarf# and ferldged. 
st«i tr«atiaeiitg w®r® ws®d for retmeli® sugar, r#g®rr® poly-
sa©0liwld#t and total iiltrog©» €®t®3?aliiatloas* Uwarf later-
item trees w#r® lilg|i©ft la r®a«cli:® sugars, l5rldg®«l tre®« w@r# 
£iit®r»®€lat®t m& owa-ste® tr®#a w®r# lowest. Rtiaelag ®ttgar 
©onteat €©el£ii®d froa ^mrn 2? t© August 28 la all tr®ata®iat8» 
E®s©r?# polyiaeelaarld®® m&. Mtrogen pereentag#® w®r@ not 
slgnlfieantly a£ff©r®»t for tli# Itire® tr®atei.©iits, Mt a lla®ar 
lmr®as© trm 3vmm 2? to Aagttst 20 was present for botti 
Bftterlals* 
88 
Sid •twA&mtm mttmts obaerrei in this sttaiy w@r#t 
•{ll growtfej Cl|,possiba« Interferea©© wlfeli irf-tregta 
ti»»!d.«>eatt©a, |3j ppwife h,a%t% ani. 111.1 M.^ 
reducing smg&r above iwurf l3st©r»t««* Iffeots fg) and ikt 
togg©it! %H&% til# M&I INT^MTM imterf#!*©# witm %H.M ti»asi3.©»-
©atl©B of orfaaie aafewiaO.# TH® (31 
smggotfea liewi@tt® fh# i?®toe®d grwtfe eeiolt liav®"beem 
dm® t© mithm or botH ©f Ssiiieei growtiiji  ^ spi:»©«44ng 
growth liaMt aM Mgpfei®? tugars in th® tof s w®tild t© 
fmoT »m?lj and dwarf tr#«# ec»ia©iAir fymit th© 
y#ai? in th© orehaj'i# ©tte® iiii,tiat®a., f3?mitlsg 
Ms & dbiarfing, tff®et wM'©h wetild meeestmat® eoatJaatiig 
4eti©ii of th® infeei»st«» 
Bf 
M&RI&M MM ©isaalfet## ©» loaemlatw®.. 1^2«, 
St«ofia3?dii®d plast &mm-m 2M «a» f* 378* Ha»ls» 
fewgf fa# l#'" E03?&M icfarlaai 
Avery, Ci,^  S, Jr..,, te»Miolder, P. l#,j,. and Crel^^%o», Harriet B*. 
1937. fctrient d©fleid.ia#i®s and growth. lio»©i» eon--
eentration in Heli&nthmt and Nlcofeiana* J®, f©w* 
Bot. 2I4.: $$3-5.57. 
Manual of cultivat## ©laiB%»» Bm* ®€» 
p* S@w York, The Maeralllam Ics^aay* 
B®aklb«i#,, A# Beryl, Ifiil, Ariatomlcal stmiies ©f ttais iKQt 
itm%M of hardy fruit trees• III* Hi# ,aiiat«ieal, 
itrmetw# ©f stm® eloial «M 8©®dltii  ^ apple root-
ftoeks st«a- and root-grafted with a ioioa variety# jour, f<»» 18:3^1.-367• 
aii4 M» 1# 1936» A |jr#llja£»ary report o» 
internal strmutur© of the wooi of fo. S r®©t» 
stoek la relation to aclon-rooting, ©f a|»pl®t, last 
Mali* E#s, Stat, ton. R©pt« 23*3.00-106, 
md ShOTipson, Elea^r# lf|9* Aiat€fflle.dL stis^les of 
tn-d roots of kariy fmit tr#®s» II» ftei« 
internal atructur# of th# roots of s«Ma« vigorous 
and seal® dwarfing appl® rootftooks, aM th« correla-
tion of atrttetw© with vigor, Jour» fm, 17lli|.l»ll|.9» 
. > 19|.7* Anatomioal stttdl«« of staaa 
a»4'' roots of hardy frmlt trees, If» Kie root 
striiottir© of som® n©w ©loml appl® rootstooks btiMetl 
with Cox's Orange JPlppia, Joxir, F«» 231206-211, 
B®rry, W, 1, 19;^* A MT^ on th» relation of absorption to 
vigor in affl® stooks, Iiong ^shton E#i, Sta,# jtei, 
lept, 1938163-65, 
©3lby, H, li, I935i> Stook-^iolon «^«®latry and th® ff«.iting 
relationship® im appl® tr«®s, Flant fbysiol. 
90 
F^mm  ^ M, and W« 1. ®i® ali«©rptl©tt of 
aiii ir©» fFc® amtrient solutiosys. Fl«1? 
Ita.ji£@i» E2f42?-4^»: 
feieiri©li, % 1939* i,®3c» ZiastaMsii^ikat^sr#!! bet 
apf©lf«f#ilwng®», lato»ai»«h, i|.8ii91-»23t# 
'Clriibb, I, H, 1939# • • ®i« TT^XMRNM of liit©»®dlafe« 0t-«i pise©# 
in double woi»k®i mppl® ani trmsn Sci#a» ffisrt, 
?:17-.23. 
Has sit, W» Z, 1936. Det©3»imtl<m of reteeti^- augitps ©ii4 
sucrose in planfc aateriitl:, lai* lag* A»al»  ^
Ed. 6:138-li}.0» 
1937« Uetenaimtion of sugars ia plants bj oxida* 
tlon with f©rricyanld# and eerie titratloa# 
im.. BNS-9 asal* m», 9f228*2,2f» 
1» 3* I9IJ* Faradis© apple- stoeks* Being lafc© first 
report of tla® work in progr«#« at tli« 00ll«f@ 
miit Sxperlwent statioa. Bast MalllJRg, Jour, ioy« 
Ho3?t» Bm» • I^2i361-399» 
a.919# Faradls# appl®' stocks i fb«ir famlt &n€ 
bl©««« a#serib®i# #©ur* l©y* Hort,. Sea, ^i,89*9i|-» 
1930# • Stock s#l#n r«latio»sMp»» J©ur» ' E®y» Sort, 
so-t.» ^^a69«ai.» 
K#aeli,» 1# 1939* ®i« seasonal oy$l#s of asli, earbs&ylrate 
aM nitrogemous constltmeats in tb.© tewaipH. ^oot« 
of apple tr®®s, and the eff®et of flv©-v©getatlT©ly 
propagated rootstoeks o» thM* 111* lltrog®a©m» 
e©ii.st£tu®sti* Jour. Fqbi,; 16i3%&-.363» 
M.^ t, E*. e» 3.925* Wat@r relation of stocka a»d scloas:* 
last lall, l#s» Sta*, Asa,. l#pt» 192l|.tl03# 
liOOBi^a, ¥» E,* 1935* franslocstlon an# growtk h80 .^mim in 
woody plaata# Am# Bot« ii.9t25.?-272# 
^ J *  1 9 1 1 - 3  •  D w a r f  i i a g ,  a p p l #  t r © # s  b y  - f e ®  u » ®  o f  , a a  
iatemediat® dwarf seetlon In %he trunk of tiie tree. 
Iowa'Stat# Hort« Soc. Eraas#. fSllST-lA# 
P6«j?s®t 19l|,0« Water-etiltur® studies wife appl© ti»e@«» 
Il» fh® s®&«oii .^ atosorptios' of aitrog®a aM 
potassim by Soe's §r«ji^© JPlppia on l&lllng root-
stoeki lo®, m and XII. J©ur» P«, 1? 1364-361. 
m 
Pjrestoan A» P, and. Barlow, H, ¥. B« 19^9 «a® of gpmWi 
substaae© to widen crotch angleSait Mall* Ses# 
Sta,, Ana# H©pt, 19^0!76-?9« 
BM&, Im ?• m4 Berry, M. E* 19li.O# 15i© cartoohf«irat© r^latiow 
of ft singl® seion variety graJftet on 'Ifalling root-
ato&kM IX and XIII* A eontribiition to th# .^ jsio-
logy of dwarfing, Joiir. Poia, 18}5.93»22$, 
Bmehf W, A« 1931» Chemistry of the rootstock-soioa #ff©et» 
I, The elements absorbed from th© soil. East Mall» 
Hes, Sta», Ina, lept. 1928-30* II. S\:^pl» 101-10l|.« 
leberts# .li, H. 1929m Bme Btmk .and scion observation® m 
ftpple trees. Wtsc* Agr# Exp  ^ Sta* B^a. 
193i|-* Stag grafting and stock #ff«®t# Mm Sos* 
Hort» S@i, Proc« 32:328-329« 
%ythi, 1938. 15ie seasonal cycle® ©f ash, carbohydrate 
aad nitrogenous constituents ia the terminal shoots 
of appl® trees and the effect of five vegetatlvely 
propagated rootstocks on them, II. Carbohydrate 
fractions and lignin. Jour. Pi*, 16:185-200, 
BwmhTiQkf f», Blair# D, and Singht Sttidies ia the 
physiolO;3y of rootstocks «md scion rel&tionishlps* 
lour, p^« 22:51-61. 
and Roberts, R, H, 192?. fhe relatiea of seion 
variety to character of root growth ia apple trees.* 
Wise, r^» Sicp, Sta» Kes# Ml« |8« 
faidyn# f:» 1938. She seasonal cyeles of ash, earbohyirate 
mA nitrogenous constituents in the teimliial shoots 
of apple trees and the effect of five vegetatively 
propagated rootstocks on thea» I, Total ash and 
ash constituent s« Jour. Poaau 16; 101-126, 
Temer, Ii, 1939# ^fhe effect of a plant growth aubstanee on 
©reteh angles in young apple tree®. Mm Soe. Hort» 
Sei* free. 36si|.l5-ij22, 
Wwne# Ii. S. G. and. taby* Jane* 1939# Water eonduotivity of 
the graft union ia apple trees with special referenee 
t© fcllli  ^ iffiiot-stock i@,, K» Jour, fee. I6i389*399« 
.isd tallace, f» .193?# Bie ecs^ oaition of the ter» 
aiaal eheote and of two varietiee of apple 
in relattea t@ reofcstoeic effects, Jow, Pom* 13il'*31.» 
ft 
f, «ai TaSsarnxm, ?, 1937« ?liytohomo»s* "Mm 
¥©rk, ®i# lafflalllm oon^any# 
f o 
«> 
« I  
' ^  0 s M. M 
1  I  I I 
4> M M I 















i w *4 <» * 5 », 
i s § . 
1 1 1  : 1  
5  §  I  






















S t  




* S 43 ® fe s« 
tl •» 
I  §  
^  I  l4 § 
I i 
© ® 
